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Abstract: An earthen jar containing mouse food solution was set up as an ovi-trap for 
house mosquitoes outside a building in Nagasaki during May through October, 1980. 
While 474 or 98.5 % out of 481 egg rafts collected have hatched well, 7 or 1.5 % did 
not hatch, although each of them have contained some developed eggs respectively. 
Thirteen or 7.6 % out of 172 egg rafts examined were Culex pipiens molestus and the 
others were Cx. pipiens pallens. The results of the crossing experiments with 32 strains 
collected by the ovi-trap in Nagasaki showed the presence of 3 crossing types, that is 
one type of Cz. pipiens molestus (A) and 2 types (B and C) of Cz. pipiens pallens. One 
strain of Cz. pipiens quinquefasciatus from Okinawa showed the different crossing type 
(D). The appearance of unhatched egg rafts containing some developed eggs suggested 
that the egg rafts had been laid by the females which mated with incompatible males in 
the field. All of 33 strains used for the crossing experiments have been heavily infected 


with Wolbachia pipientis respectively. 


INTRODUCTION 


Crosses between members of Cx. pipiens complex of different geographical origin 
may be compatible, partially compatible or incompatible in one or both directions (Laven, 
1951; Barr, 1966; Sasa et al., 1966; Subbarao et al., 1977). Laven (1957, 1967) showed 
that the factors causing incompatibility were maternally transmitted through the cyto- 
plasm. Although the Expert Committee of the World Health Organization (WHO, 1964) 
has suggested that cytoplasmic incompatibility could be used to produce sterile males 
for eradication of Cx. pipiens by the sterile male technique (Knipling, 1955), there has 
been no encouraging results in the field (Krishnamurthy ez al., 1962; Barr, 1970, 
Subbarao et al., 1974). There is evidence that the cytoplasmic factor responsible for 
incompatibility is a rickettsia-like microorganism, Wolbachia pipientis in the cytoplasm of 
Cx. pipiens complex (Yen and Barr, 1973 and 1974; Fine et al., 1977; Suenaga, 1982). 


Recently, Barr (1980) first reported incompatibility in crosses of sympatric American 
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strains of Cx. pipiens and the collection of incompatible egg rafts in the field. 
This is the second report of incompatible egg rafts of Cx. pipiens complex being 


collected from the same breeding place in the field. 


MATERIALS AND METHODS 


An earthen jar of 18 litters in size and containing laboratory mouse food solution 
was set up as an ovi-trap for house mosquitoes outside the building of the Institute for 
Tropical Medicine, Nagasaki University during May through October, 1980. All egg 
rafts of Cx. pipiens complex which were deposited on the water surface in the jar were 
picked up every morning and incubated for 2 or 3 days in a polyethylene cup of 90 ml 
separately in an insectarium of 25 C for observations of the hatching conditions. Some 
of the egg rafts hatched were reared for several generations separately in the insectarium 
for crossing experiments. 

If an egg raft produced autogenous females, it was regarded as the egg raft of 
Cx. pipiens molestus. A strain of Cx. pipiens quinquefasciatus was also used for crossing 
experiments. This colony was collected by M. Ueda in April, 1979 from a sewage pool 
in Naha, Okinawa prefecture and maintaining as a laboratory colony in the Department 
of Medical Zoology, Nagasaki University School of Medicine. 

Mosquito larvae of each colony hatched out in the cup were removed to a pan of 
300 x 210 x 48 mm in size containing water with an aerlation apparatus and a piece 
of compound solid food for laboratory mice was supplied as the nutrients for larval 
growth. Pupae of each strain were separated by sex under a stereomicroscope by using 
a soft brush in a petri dish and 50 males of one strain were put in a small cup con- 
taining water and were removed into an adult cage together with 50 females of another 
strain, while 50 females of the former strain were put into another cage together with 
50 males of the latter. The inbreeding cages for each strain containing 50 males and 
50 females respectively were also prepared as the control of the crossing experiments. 
The mosquito cages for keeping the adults are made of semitransparent synthetic fiber 
and wire frame of 200 x 200 x 300 mm in size. A cube sugar as the nutrients and a 
cup containing water were placed separately in each cage. The same kind of cages 
were also used for crossing experiments. When females in a cage were known to be 
autogenous, their eggs were collected in the cup containing water without giving blood 
meals. Anautogenous females were given a blood meal about one week after their emer- 
gence by placing a mouse restrained in a small wirescreen cage on the mosquito cage 
for one night, after that eggs were collected. The egg rafts from the autogenous females 
were collected just about 5 days after they emerged, while those from anautogenous 
females were found from about 4 days after they took the blood meal. The egg rafts 
deposited on the water surface in the cup placed in each cage were collected every day, 


transferred separately into other cups, and were incubated for 2 to 3 days at 25 C. 
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Most of viable eggs of these mosquitoes have hatched within 2 days after deposition, and 
almost no eggs have hatched after 3 days of incubation. Each egg raft was placed on a 
wet filter paper in a petri dish, and was examined under a stereomicroscope. The eggs 
may be classified into 3 types; those from which the larvae have already hatched, those 
still containing fully or slightly developed embryos which were dead or unable to escape 
from the egg shell, and those which were undeveloped or infertile. The differentiation 
of these 3 types is easy when the egg rafts are separated by a needle and individual 
eggs are examined under the stereomicroscope. For each egg raft, the number of eggs 
hatched, developed but unhatched, and undeveloped were recorded separately. 

For Wolbachia examination, the following procedure presented by Wright and 
Wang (1980) was used. 

1. Dissect out the ovaries in Balar’s saline (Breland, 1961), transfer with a 
needle to a clean microscope slide, smear, and dry. 

2. Fix in absolute methanol for at least 10 min. Slides may be left in the meth- 
anol overnight if desired. 

3. Without rinsing, stain the smear in a freshly mixed 1 :50 dilution of Giemsa 
in phosphate buffer (pH 7.2—7.4) for 2 hrs. 

4. Rinse in tap water or distilled water and gently blot or air-dry. 

5. Examine by oil immersion optics with a blue filter. 

Deciding whether an ovary smear was positive for wolbachiae was facilitated by 
using a known positive slide as a control. This was necessary because other microscopic 


structures may be mistaken for wolbachiae. 


RESULTS 


The number of egg rafts collected by the ovi-trap, hatchabilities of them, and 
the number of Cx. pipiens molestus in some egg rafts examined in each month were 
shown in Table 1. While 474 or 98.5% out of 481 egg rafts collected have hatched well, 
7 or 1.5% did not hatch. Thirteen or 7.6 % out of 172 egg rafts examined were Cz. 
pipiens molestus. This autogenous subspecies was found mainly in mild seasons, May, 
June and October, except one in August. As shown in Table 2, all of 7 unhatched egg 
rafts have appeared only in July and August and each of them have contained some 
developed eggs respectively. 

The results of the crossing experiments (Tables 3 and 4) with 32 progenies, 
whch were chosen at random from the egg rafts collected by the ovi-trap in the field, 
showed the presence of 3 different crossing types; 13 strains of Cx. pipiens molestus 
showed the same crossing type (Crossing type A); 18 progenies of Crx. pipiens pallens 
(Crossing type B) were incompatible with crossing type A in both directions; only 


one strain (Crossing type C) was incompatible with crossing type A in both directions, 
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and the males of this strain were incompatible with the females of clossing type B, 


although the reciprocal cross was fertile. 


The crossing relationships between 3 types 


(A, B and C) mentioned above and the strain of Cx. pipiens quinquefasciatus (here de- 


signated crossing type D) from Okinawa are shown in Table 4. Although the females 


Table 1. Number of egg rafts of Culex pipiens complex which were deposited on the 
water surface in an earthen jar outdoors on the campus of the Institute for 


Tropical Medicine, Nagasaki University in 1980 


Number of egg rafts 
Month 
collected hatched developed undeveloped examined of C. p. molestus 

May 2 0 0 2 2 
June 75 75 0 0 66 6 
July 261 255 6 0 38 0 
August 108 107 1 0 31 1 
September 8 8 0 0 8 0 
October 27 27 0 0 27 4 
Total 481 474 7 0 172 13 
(%) (98.5) (.5) (7.6) 


Table 2. The state of unhatched egg rafts after 3 days of incubation at 25 C 


No. of eggs 
Egg raft No. Date of collection Size of egg raft 
eveloped undeveloped 

90 July 332 326 
110 July 291 283 8 
166 July 12 126 54 72 
287 July 22 234 1 233 
304 July 23 129 102 27 
310 July 25 235 194 41 
421 Aug. 22 321 33 288 


Table 3. Crossing types of some egg rafts of Culex pipiens complex which were 
deposited on the water surface in an earthen jar outside a building 


Crossing types 


Strains examined 


No. of strains 


A (Cx. p. molestus) 


1, 2, 4, 11, 17, 19, 49, 65, 367, 457, 13 


458, 475, 483 


32, 303, 369, 380, 386, 387, 388, 390, 


B (Cx. p. pallens) 395, 449, 450, 454, 459, 463, 465,7470, 18 
478, 479 

C (Cz. p. pallens) 477 1 

Total 32 
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of Cx. pipiens quinquefasciatus (D) were Table 4. Crossing relationships between 4 
compatible with the males of crossing oN TYDES 

types A, B and C, and the males of this IN A B C D 
subspecies were also compatible with oe esa os, ees 

the females of Cx. pipiens molestus (A), A (Cx. p. molestus) + ー ー + 
the males were partially compatible (Barr, B (Cr. p. pallens) 5 + = + 
1970) with 2 types (B and ©) of Cz. C (Cx. p. pallens) = j + + 
RN K OO | i 6 


Wolbachia examinations have been 


done with all strains used for crossing A—D: Crossing type. +: Compatible. 
experiments, that is 32 strains of Cz. =U See a Ene 
pipiens complex collected by the ovi-trap in 

Nagasaki and one strain of Cx. pipiens quinquefasciatus from Okinawa. The gonads of 6 


females from each strain examined have been heavily infected with Wolbachia respectively. 


DISCUSSION 


The objective of this work was to know the crossing types of natural populations 
of Cx. pipiens complex in Nagasaki area. The appearance of unhatched egg rafts con- 
taining some developed eggs in the field suggest that the egg rafts laid by females which 
mated with incompatible males. This phenomenon and the discovery of 2 crossing types 
of Cx. pipiens pallens may prove the presence of 2 or more crossing types of this 
subspecies in this area. Another clossing type of Cx. pipiens molestus was found mainly 
in mild climate seasons. The appearance of this autogenous subspecies in open water 
have been reported in Tokyo (Asahina et al., 1963) and Osaka (Yonemoto, 1971). 
Recently, Oda and Ueda (1979) demonstrated that the oviposition activity of them in the 
above-ground water was low in summer, but high in spring and autumn in Nagasaki. 
This mosquito seems to breed usually in the above-ground water together with Cz. 
pipiens pallens during the mild climate seasons in this area. 

Mixed populations of different crossing types and incompatible egg rafts of Cz. 
pipiens L. have been found in Los Angeles first (Barr, 1980), therefore this is the second 
report of cytoplasmic incompatibility in natural populations. 

The heavy infections of wolbachiae in mosquitoes may have some relations with the 


incompatibility in the field. 
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長 時 地方 に お ける アカ イ テ カ 群 の 岐 の 細胞 質 不 和合 性 
末永 A (長崎 大 学 熱帯 医学 研究 所 附属 熱帯 医学 資料 室 ) 


1981 年 5 月 か ら 10 月 まで 長崎 市 内 の 屋外 に 容量 18 リ ッ ト ル の 水がめ を 設置 し , 実験 マウ ス 用 同型 
g 合 飼料 を 溶かし た 水 を 入れ , 毎日 観察 し て 水面 に 産み 落 さ れ た アカ イニ テカ 和 群 の 卵 展 を 採集 し 
25?C の 飼育 室内 で 野 化 状況 を 調べ る と 共に , 一 部 の 卵 塊 か ら 遇 化し た も の を 鋳 塊 別に 飼育 し て 
交雑 実験 に 供し た . また , MOUND OMA, 羽化 させ た 雌 成 虫 に つい て は 羽化 直後 に 卵巣 を 
ROH LCAR ST RF FARCIREL, ギ ム ザ 染色 し て wolbachiae の 有無 を 調べ た . 全 期 
間 を 通じ て 採集 きれ た 481 卵 塊 の 中 , ATABUI RICE LIGA, 7 一 8 月 に 採れ た 7 卵 塊 は 何れ 
も 幾つ か の 卵 が か な り 発育 し て いな が ら 全 く 遇 化 せ ず , 不 和 合 交雑 の 結果 産ま れ た 可能 性 を 示唆 
Lik. 交雑 実験 の 結果 , チカ イエ カ の 1 型 と アカ イエ カ の 2 型 の 3 つの 異な る 交雑 型 が 同じ 発生 
水域 か ら 出 現し た こと が わか っ た . また , 沖 総 原産 の ネッ タイ イエ カ は 更に 異な る 交雑 型 で ある 
こと が 確か め ら れ た . 交雑 実験 に 使わ れん た すべ て の 系 統 は 何れ も 卵巣 細胞 内 に 多数 の リ ケ ッ チア 
様 微生物 wolbachiae を 保有 し て いた . 
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